INTRODUCTION
Primary and secondary hepatic tumors are quite common and constitute a significant source of mortality. Primary liver cancer is the fifth most common cancer worldwide and the third most common cause of cancer mortality, and secondary involvement of the liver, particularly from colorectal carcinoma, is even more common. [1, 2] Although surgical resection remains the gold standard for eligible patients with hepatocellular carcinoma (HCC) or liver metastases (LM), and liver transplantation is considered the standard therapy for selected patients with HCC, in the last years the role of ablation therapies in the treatment of primary and secondary liver tumors continued to increase, as they have widely been proven to be effective and safe. [3] [4] [5] [6] [7] [8] [9] [10] They play a key role in the treatment of patients who are not eligible, poor candidates for surgery, or who refuse surgery and are increasingly used as a bridge to liver transplantation in patients with HCC. In addition, some recent studies suggested that radiofrequency ablation (RFA) is as effective as surgical resection in the treatment of very early HCC. [11, 12] Depending on tumor size and number, thermal ablation can be chosen as the only treatment, combined with systemic therapies, surgery, or other regional treatments, in order to utilize a multimodality approach to the patient aimed at the best treatment result.
Thermal ablation techniques include either heating ablation [RFA, microwave ablation (MWA), laser thermal ablation (LTA), and high-intensity focused ultrasound] or freezing ablation (cryoablation). This paper will deal with the "hot" ablation techniques, focusing on RFA, MWA, and LTA. RFA is the most used technique worldwide, and its efficacy has been largely proven over the last 20 years. However, a lot of clinical studies suggest that MWA and LTA are as effective as RFA, and the choice of the thermal ablation modality is usually determined by the experience and preference of the interventional oncologists and radiologists, as well as by the availability of the different devices in the single centers. [13] [14] [15] [16] RFA, MWA, and LTA share some main technical aspects. In brief, all of them rely on controlled thermal energy delivery aimed at raising the tissue temperature between 60 °C and 100 °C to determine coagulative necrosis of tumor lesions, [17, 18] as well as the placement of a needle (RFA electrode, MWA antenna, or LTA fiber through a fine needle) into the target lesion. On the other hand, each thermal technique shows peculiar advantages and limitations that could make each of them more suitable than the other ones to treat patients and tumors with different characteristics.
Therefore, the opening question of this paper is the following: is it time to move toward a tailored approach to thermal ablation?
RADIOFREQUENCY ABLATION
RFA is based on alternating current of RF waves. The alternating current transmitted via an insulated electrode tip inserted into the tissue generates ionic agitation and frictional heats that extend into adjacent tissue by conduction. When temperature > 60 °C is achieved, the tissue heating results in coagulative necrosis of the tumor.
RFA is the most used ablative modality worldwide, and its effectiveness and safety have been fully proven. [3] It is an established therapeutic choice for non-surgical patients with early stage HCC, and some recent papers suggested that RFA can be as effective as surgical resection in terms of overall survival and recurrence-free survival rates in patients with small, centrally located HCC. [11, 12] RFA has also been reported to be an effective treatment of LM ≤ 3 cm, in particular from colorectal cancer, [8, 9, 19] and it may be indicated in resectable lesions as an adjunct to resection, in inoperable lesions that demonstrate complete or partial response after chemotherapy, or in recurrent and progressive lesions. [18, 20] The efficacy of RFA is influenced by tumor location and size. RFA of HCC < 3 cm diameter achieves complete response in over 90% of cases, whereas 50-70% of tumors 3-5 cm in size are completely ablated. RFA of HCC < 5 cm can achieve equal survival benefit compared with surgical resection whereas results for ablation of HCC larger than 5 cm are poor. [21] [22] [23] Reported rate of mortality of percutaneous RFA is < 1%, and major complication rate ranges from 0.6% to 8.9%. [24, 25] Advantages of RFA RFA is the best established and well experienced thermal technique among all the thermal modalities available. Its efficacy, feasibility, and safety have been largely proved.
Limits of RFA Large lesions can require multiple overlapping ablations to create an adequate safety margin. Although it has recently been reported that the treatment of sub-capsular or high-risk located nodules does not increase the rate of treatment-related complications, [26] the sub-capsular or high-risk position of the nodules can represent a relative contraindication to RFA. Tumors strictly close to large vessels can be incompletely treated due to the heat-sink effect, in which thermal energy produced by ablation is partially shunted away from the tumor by the cooler blood. [27, 28] 
MICROWAVE ABLATION
MWA utilizes MW frequency (typically at 900-2,500 MHz) to cause oscillation of polar molecules in tissue (primarily water), increasing their kinetic energy and the temperature of the tissue. Although the final effect of MWA consists in coagulative necrosis of the lesion like RFA, the mechanism of heating differs substantially, since MW energy radiates into the tissue through an interstitial antenna that determines direct heating of the lesion. Whereas RF heating requires an electrically conductive path, MWs can propagate even through tissues with low electrical conductivity, high impedance, or low thermal conductivity, like charred or desiccated tissues. [29, 30] MW can generate very high temperatures inside the lesion in a very short time, potentially leading to improve treatment efficacy and to obtain larger ablation volumes.
However, the use of MWA was limited for a long time because of technical limitations of some currently available MW systems. Major limitations included low power, shaft heating, large diameter probes (13-14 gauge), small ablation areas requiring multiple insertions, and non-spherical ablation volumes, which have discouraged clinical application of MWA in many western countries. Adding a cooling jacket around the antenna was demonstrated to decrease cable heating, thus increasing the amount of power that can be safely delivered. [31] The introduction of a choke coil into the distal portion of the antenna was also proposed to decrease back heating effects, but this remedy caused remarkable thickening of the antenna, making the devices unsuitable for the percutaneous application. Recently, a miniaturized device has been developed (the so-called Mini Choke ® ), which minimizes the back-heating effects using slender MW antennas (14-16 gauge), and allowing for the percutaneous application. [32] Several prior studies demonstrated that early-generation MWA had equal effectiveness, safety, and survival when compared with RFA, with shorter ablation time. [13, [33] [34] [35] The recent technical advances (in particular, the Mini Choke ® ) have been reported to achieve coagulation of areas larger than RFA. [36] [37] [38] Such a capability could result useful in the treatment of tumors ≥ 3 cm. A randomized prospective comparison of MWA and RFA in the treatment of HCC did not demonstrate any difference in the rates of residual or untreated disease, [39] and a local control rate up to 95% over a median follow-up of 33 months was reported in the intraoperative treatment of colorectal LM. [40] Mortality and major complication rates using the most recent MWA devices are similar to RFA. [32] Advantages of MWA MWA offers some advantages compared with RFA, including greater intratumoral temperature, deeper penetration of energy, propagation across the poorly conductive tissue, less sensitivity to the heat-sink effect, and larger ablation volume. Such peculiarities enable to treat larger tumors with adequate safety margin, and nodules closed to large vessels. In addition, MWA does not need the use of grounding pads.
Limits of MWA
Microwave energy is more difficult to distribute than RF energy. MW energy is carried in wavelengths, which are more cumbersome than the small wires used to feed energy to RF electrodes, and are prone to heating when carrying large amount of power. Consequently, MWA appears less feasible than RFA in the treatment of high-risk located and subcapsular nodules. In addition, MWA is more expensive than RFA and LTA.
LASER ABLATION
LTA utilizes laser devices that convert electrical into light energy, which determines tissue heating and cellular death by coagulative necrosis. Neodymiun: Yttrium aluminum garnet (wavelength of 1,064 nm) and diode (wavelength of 800-980 nm) lasers are most commonly used, as penetration of light is optimal in the near infrared spectrum. Light is delivered via flexible bare tip fibers with a diameter from 300 to 600 μm. A bare-tip fiber provides an almost spherical thermal lesion of 12-15 mm in diameter, and a beam-splitting device or a multi-source device allows the use of up to four fibers, simultaneously delivering the light into each single fiber. [15] [16] [17] The optical and thermal characteristics of the tissue, as well as the proximity of blood vessels, determine the thermal diffusion of the light energy and define the ablation area. Bare tip fibers are inserted through 21-gauge needles into the lesions. Usually, one to two fibers are used to treat nodules up to 1.5 cm in diameter, three fibers to treat nodules from 1.5 to 2.5 cm, and four fibers with tips arranged in a square configuration to treat nodules > 2.5 cm. In addition, the pullback technique can be used to treat larger nodules.
LTA has been investigated less vigorously than the other ablation techniques, but it seems to show the same efficacy and safety profile than RFA, with a shorter treatment time per session. [16, 17, [41] [42] [43] Most of the studies on LTA are focused on the treatment of HCC. Using from one to four fibers on the basis of tumor size, the reported complete response rates range from 82% to 97%. [44] [45] [46] Mortality rate is < 1%, and major complication rate ranges from 0.1% to 3.5%. [47] Advantages of LTA The main advantage of LTA is its feasibility, as LTA utilizes very fine needles to insert the fibers into the lesion. Such a characteristic makes LTA particularly safe for the treatment of nodules with difficult location. Furthermore, the possibility to use from one to four fibers allows to achieve ablation areas different in size, enabling to treat lesions different in size or multiple small lesions in the same session, sparing the normal parenchyma as far as possible. In our experience, LTA is the cheapest ablation technique when up to three fibers are used, and it is cheaper than MWA when four fibers are used.
Limits of LTA
The correct placement of the fibers can result technically difficult, particularly if more than two fibers are needed and should be performed by very skilled operators. The efficacy of LTA can be limited by the heat-sink effect.
FINAL CONSIDERATIONS
Surgical resection is the treatment of choice for LM, and liver transplantation, whenever possible, is the best curative option for HCC. However, in recent years thermal ablation therapies have become more and more central in the treatment of liver lesions, as the majority of patients are not eligible for surgery. Moreover, some recent studies suggested that RFA is as effective as surgical resection, or even preferable in selected patients, in the treatment of small HCC lesions. [11, 12] Good local tumor control and survival comparable with surgical resection were also reported in subgroups of patients with LM from colorectal and breast cancer. [18, 19] Thermal ablation of HCC in patient waiting for liver transplantation can be performed as a bridge to the transplantation. Likewise, thermal ablation combined with resection and/or systemic chemotherapy has been demonstrated to improve the survival in patients with LM.
Thermal therapies are minimally invasive, well tolerated, and demonstrate a very low rate of major complications. Although RFA represents the "historical" and more experienced thermal ablation technique, both MWA and LTA have been demonstrated to be as effective and safe as RFA when performed by skilled operators. [13] [14] [15] [16] Therefore, to date in most centers of interventional oncology or interventional radiology the choice of the ablation technique usually depends on the physicians' preference and experience. However, when all the three "hot" ablation techniques are available in a single center, which thermal treatment should be preferred?
Each thermal modality presents peculiar technical characteristics, advantages, and limitations. Likewise, patients can have some contraindications to some ablation technique (for instance, the presence of a pacemaker is a relative contraindication to RFA), and tumors can differ in number, size, and location. It follows that, in our opinion, the choice should be based on the characteristics of the patient, tumor, and ablation techniques. For this purpose, we suggest the algorithm adopted in our Section of Interventional Ultrasound, aimed at tailoring the thermal treatment on the single patient to achieve the best outcome [ Figures 1 and 2] .
In short, a single nodule 2 cm or smaller in size can efficaciously be ablated using all the thermal modalities. Both RFA and LTA are cheaper than MWA and should be preferred unless the tumor is close to large vessels, as MWA is not affected by the heat-sink effect. In addition, LTA could be more feasible and safe when the nodule has a difficult or risky location, as the needles used to insert the fibers are considerably finer than RFA electrodes. Single HCC 2-3 cm in size could be ablated following the same indications, even though multiple overlapping insertions can be needed for RFA, and at least three fibers should be used for LTA. Conversely, LM 2-3 cm in size can take advantage of MWA because the safety margin has to be greater than for HCC. Likewise, both single HCC and LM ≥ 3 cm should be treated with MWA.
Multiple small lesions (maximum 2.5-3 cm in diameter), especially if they vary in size, should preferably be treated with LTA, as the ablation area can be diversified according to the lesion size using from one to four fibers, thus sparing the normal tissue as far as possible. Finally, MWA should always be preferred when the tumors are close to large vessels or are ≥ 3 cm in diameter, independently of the number of the nodules.
